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OBJECf IVE — The two major classes of antidiabetic drugs, sulfonylureas and metformin, may 
differentially affect macrovascular complications and mortality in diabetic patients. We com- 
pared the long-term effects of glipizide and metformin on the major cardiovascular events in type 
2 diabetic patients who had a history of coronary artery disease (CAD). 

RESEARCH DESIGN AND METHODS— This study is a multicenter, randomized, double- 
blind, placebo-controlled clinical trial. A total of 304 type 2 diabetic patients with CAD, mean age = 
63.3 years (range, 36-80 years), were enrolled. Participants were randomly assigned to receive either 
glipizide (30 mg daily) or metformin (1 .5 g daily) for 3 years. The primary end points were times to the 
composite of recurrent cardiovascular events, including death from a cardiovascular cause, death 
from any cause, nonfatal myocardial infarction, nonfatal stroke, or arterial revascularization. 

RESULTS — At the end of study drug administration, both groups achieved a significant decrease in 
the level of glycated hemoglobin (7.1% in the glipizide group and 7.0% in the metformin group). At a 
median follow-up of 5.0 years, 91 participants had developed 103 primary end points. Intention-to-treat 
analysis showed an adjusted hazard ratio (HR) of 0.54 (95% CI 0.30-0.90; P = 0.026) for the composites 
of cardiovascular events among the patients that received metformin, compared with glipizide. The 
secondary end points and adverse events were not significantly different between the two groups. 

CONCLUSIONS — Treatment with metformin for 3 years substantially reduced major cardio- 
vascular events in a median follow-up of 5.0 years compared with glipizide. Our results indicated a 
potential benefit of metformin therapy on cardiovascular outcomes in high-risk patients. 
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The prevalence of type 2 diabetes has 
been increasing rapidly throughout 
the world during the past decades (1). 
Since cardiovascular disease is the 
major complication of type 2 diabetes, 
and cardiovascular mortality accounts 
for the majority of diabetic patient 
deaths, there has been growing interest 
in developing strategies for blood glucose 
control in type 2 diabetic patients to re- 
duce cardiovascular risk and mortality 
(2-6). 

Among various oral glucose-lowering 
medications, metformin and sulfonyl- 
ureas have been the mainstay treatments 
for type 2 diabetes. Several studies have 
examined the effects of these medications 
on cardiovascular risk among diabetic 
patients; the results, however, are incon- 
sistent (2,7-9). In an early, large-scale, 
randomized trial, an increased risk of car- 
diovascular mortality was observed in di- 
abetic patients treated with sulfonylurea 
(tolbutamide) or biguanide (phenformin) 
medications (7,8). Some other studies 
suggest that these two classes of medica- 
tions might differentially affect cardiovas- 
cular risk (9-14). For example, in the 
open-label UK Prospective Diabetes 
Study (UKPDS) (9), it was found that di- 
abetic patients with metformin treatment 
had a reduced risk of macrovascular and 
microvascular complications as well as 
all-cause mortality compared with those 
treated with sulfonylurea or insulin. 
However, the combined treatment of 
metformin and sulfonylurea led to an in- 
creased risk of all-cause mortality. Taken 
together, how these two major hypogly- 
cemic agents may affect cardiovascular 
risk and mortality among diabetic pa- 
tients remains unclear. 

Therefore, we performed a random- 
ized, double -blind, placebo-controlled 
trial to compare the effects of the two 
major classes of blood glucose-lowering 
agents, sulfonylurea (glipizide) and met- 
formin, on the cardiovascular events and 
mortality in 304 Chinese type 2 diabetic 
patients who had a history of coronary 
artery disease (CAD). 
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RESEARCH DESIGN AND 
METHODS 

Study design and participants 

The Study on the Prognosis and Effect of 
Antidiabetic Drugs on Type 2 Diabetes 
Mellitus with Coronary Artery Disease 
(SPREAD-DIMCAD) was a prospective, 
randomized, double-blind, placebo- 
controlled trial that evaluated the differ- 
ent effects of glipizide and metformin on 
the major cardiovascular events and mor- 
tality among type 2 diabetic patients 
with a history of CAD. The patients were 
recruited from 15 clinical centers in China. 
The study was approved by the institu- 
tional review board of Rufjin Hospital, and 
written informed consent was obtained 
from each patient. The study was conduc- 
ted in accordance with the principles of the 
Declaration of Helsinki. 

The targeted participants in the cur- 
rent study were patients with both type 2 
diabetes and CAD. The eligibility criteria 
included the following: J) diagnosed as 
CAD by either having a history of acute 
myocardial infarction diagnosed by a rep- 
resentative set of electrocardiograms, 
cardiac enzyme values, and typical symp- 
toms or by angiographically identified 
stenosis of >50% of lumen diameter in 
at least one major epicardial coronary ar- 
tery (15); 2) diagnosed as type 2 diabetic 
according to the 1999 World Health Or- 
ganization criteria (fasting plasma glucose 
>7 mmol/L and/or 2-h oral glucose tol- 
erance test &11.1 mmol/L (16) and fast- 
ing plasma glucose <15 mmol/L); and 3) 
no more than 80 years of age (both men 
and women). The exclusion criteria in- 
cluded the following: 1) severe liver dys- 
function, including serum alanine 
aminotransferase concentration >2.5 
times above the upper limit of normal 
range and abnormal renal function (se- 
rum creatinine >132 runol/L); 2) severe 
dysfunction of the heart (New York Heart 
Association class > phase III); 3) psychi- 
atric disease, severe infection, severe ane- 
mia, or neutropenia; 4) other severe 
organic heart diseases, including, but 
not limited to, congenital heart disease, 
rheumatic heart disease, and hypertro- 
phic or dilated cardiomyopathy; 5) preg- 
nant or lactating; 6) allergic to study 
drugs; 7) using insulin therapy for type 
2 diabetes and could not be changed to 
oral glucose-lowering drugs; and 8) re- 
cent drug or alcohol abuse. 

The primary study end points were 
the composite of recurrent cardiovascu- 
lar events, including nonfatal myocardial 



infarction, nonfatal stroke or arterial re- 
vascularization by percutaneous trans- 
luminal coronary angioplasty (PTCA) or 
by coronary artery bypass graft, death 
from a cardiovascular cause, and death 
from any cause. The end points were 
obtained and confirmed by the medical 
records and death certificates that were 
kept in each center. The secondary car- 
diovascular end points included new or 
worsening angina, new or worsening 
heart failure, new critical cardiac ar- 
rhythmia, and new peripheral vascular 
events. Other adverse events, including 
hypoglycemia (severe hypoglycemia in 
which the subject required assistance 
and/or a plasma glucose level <56 mg/dL 
[3.1 mmol/L] was recorded as a hypo- 
glycemic attack and would be reported 
in this manuscript) and microvascular 
complications, were also monitored. 

Randomization and study medication 

After a 2-week run-in period, the eligible 
study participants were required to with- 
draw from all antidiabetic agents and 
were randomly assigned in double-blind 
to receive either glipizide plus metformin 
placebo or metformin plus glipizide pla- 
cebo for 3 years. The baseline metabolic 
values were obtained immediately after 
the withdrawal of previous antidiabetic 
therapy. The randomization codes were 
generated by the study's biostatistician at 
Shanghai Jiao Tong University School of 
Medicine. Study sites did not have access 
to the codes. 

For both groups, the targeted glyca- 
ted hemoglobin level was <7.0%, the 
fasting blood glucose concentration was 
<7 mmol/L, and the postload 2-h blood 
glucose concentration was <10 mmol/L. 
The study drugs and the matched placebo 
were prepared in indistinguishable tab- 
lets. For the glipizide group, the initial 
dose was 15 mg daily (5 mg per one 
pill, three times daily) and titrated to 30 
mg (10 mg per two pills, three times 
daily) within 3 months, if not to target. 
The mean daily dose of glipizide was 
28.3 ± 3.9 mg. For the metformin group, 
the initial dose was 0.75 g daily (0.25 g 
per one pill, three times daily), and ti- 
trated to 1.5 g (0.5 g per two pills, three 
times daily) within 3 months, if not to 
target. The mean daily dose of metformin 
was 1.4 ± 0.2 g. After 3 months, insulin 
was added for patients with the maxi- 
mum dose of study drug administration 
in either group who did not achieve tar- 
geted glucose control level (see Supple- 
mentary Data). Lifestyle intervention and 



other treatments for CAD and modifiable 
cardiovascular risk factors were identical 
in both groups through all research cen- 
ters according to the recommendation of 
the Third Report of the National Choles- 
terol Education Program Expert Panel on 
Detection, Evaluation, and Treatment of 
High Blood Cholesterol In Adults (Adult 
Treatment Panel III) (17). 

The study drug administration was 3 
years for each participant. The follow-up 
for primary end points began at random- 
ization and continued until the end of the 
study. The original protocol invited all 
participants to continue with the follow- 
up of primary outcomes until the end of 
the whole study (last subject finished the 
study drug administration) after the ini- 
tial 3-year study drug administration. In 
the postdrug follow-up period, the pri- 
mary end points were obtained and no 
attempts were made to maintain their 
previous therapies. During study drug 
administration, information on adher- 
ence and tolerability of study drugs, 
concomitant medication, adverse events, 
and occurrence of study outcomes were 
collected, and physical examination, vital 
signs, and plasma glucose concentrations 
were obtained. Glycated hemoglobin lev- 
els were measured at 6, 12, 18, 24, 30, 
and 36 months (extra results might be 
required according to the investigator's 
judgment), and lipid concentration, bio- 
chemical safety laboratory analysis, elec- 
trocardiograms, and echocardiographic 
results were obtained. 

Ruijin Hospital served as the coordi- 
nating center. There was no central labo- 
ratory for biochemical analysis for the 
study. 

Statistical analysis 

This study was designed in accordance 
with a predetermined statistical analysis 
plan. Given a constant rate of events of 
10% per year, a sample size of 150 
patients in each of the two study groups 
would provide an 85% power at a type 1 
error rate of 0.05 to detect a 30% re- 
duction in the relative risk of the com- 
posite primary outcomes during the 
follow-up. This analysis was designed to 
test the primary hypothesis that glipizide 
and metformin would have a different 
effect on the recurrence of composite 
cardiovascular events. The follow-up for 
primary end points began at randomiza- 
tion and continued until the end of the 
study (last subject finished the study drug 
administration) after the initial 3-year 
study drug administration. 
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565 patients were screened 



304 underwent randomization 



261 excluded 
179 not eligible 
65 withdrew consent 
17 other reasons 



Statistical analysis was performed 
with SAS (version 9.2; SAS Institute, 
Cary, NC). Data were expressed as means 
and SDs or as medians with IQRs when 
specified. Logarithmic transformation 
was used for variables that were not 
normally distributed. Within-group com- 
parisons were performed with paired- 
sample Student t tests to evaluate the 
differences from baseline in each group. 
A Student t test (for data that were normally 
distributed) or a Mann-Whitney U test 
(not normally distributed) and an 
ANCOVA analysis with a model that in- 
cluded the baseline value of the dependent 
variable as a covariate were also used for 
comparison between groups. A x 2 test was 
used to analyze the differences in categor- 
ical variables. The primary end point of 
this trial was time to recurrent events. 
Multiple event analysis was performed 
with the use of the proportional means re- 
gression model (18). A multivariate pro- 
portional means regression model was 
used to control for the duration of diabe- 
tes, duration of CAD, age, sex, and smok- 
ing history at baseline. For all analyses, 
glipizide use was treated as the reference 
group. The intention-to-treat principle 
was used for end point analyses. 

All reported P values are two sided, 
and P values <0.05 were considered to 
be statistically significant. 

RESULTS — Recruitment ran from 1 
June 2004 to 30 July 2007. Of 565 
patients who were screened, a total of 
304 patients were enrolled in the study, 
with follow-up ending in July 2010. Fig- 
ure 1 showed the process of screening and 
randomization. The 31 patients in the gli- 
pizide group and 32 in the metformin 
group that terminated early with the 
study drug administration were still en- 
couraged to continue the follow-up of pri- 
mary outcomes. The median follow-up 
period was 5.0 years (range, 3.7-5.7 
years). The mean age of the participants 
was 63.3 years (range, 36-80 years). Type 
2 diabetes had been diagnosed for a 
mean of 5.6 years and CAD for a mean 
of 2.9 years before recruitment. The dis- 
tribution and doses of glucose-lowering 
agents at baseline (Table 1 and Supple- 
mentary Table 1) and the other baseline 
characteristics of the participants in the 
glipizide and metformin groups were 
generally similar except for the 2-h 
plasma glucose levels. There was no sig- 
nificant differences between the two 
groups in the concomitant medication 
(Table 1). 







148 received glipizide 






31 Early terminated intervention 
Withdraw consent (n=11) 
With adverse event (n=9) 
Other reasons (n=11) 






Analyzed (n=148) 



Figure 1 — SPREAD-DIM CAD trial profile. 

At the end of the 3-year study drug 
administration, the glycated hemoglobin 
levels were significantly improved in both 
groups, and no difference was found 
between the two groups (Table 1). The 
mean glycated hemoglobin values had 
fallen from 7.6% at baseline to 7.1% in 
the glipizide group and from 7.6 to 
7.0% in the metformin group within 6 
months after randomization and re- 
mained stable thereafter (Fig. 2A). Both 
groups showed a significant decrease in 
fasting and 2-h plasma glucose concentra- 
tions after treatment, and no difference 
was found between the two groups (Table 
1 and Fig. 2B). At baseline, no difference 
was found in the BMI between the groups. 
However, after treatment, it was signifi- 
cantly lower in the metformin group 
than in the glipizide group (Table 1 and 
Fig. 2C). Similar differences were ob- 
served for body weight and waist circum- 
ference between these two groups (Table 
1). Detailed changes and a comparison of 
the other clinical and biochemical charac- 
teristics of the two groups are shown in 
Table 1 and Fig. 2. 

In order to reach the targeted glycated 
hemoglobin level, insulin was prescribed 







156 received metformin 







32 Early terminated intervention 
Withdraw consent (n=8) 
With adverse event (n=5) 
Other reasons (n=19) 







Analyzed 


(n=156) 



for 25 patients in the glipizide group and 
30 patients in the metformin group, re- 
spectively (P = 0.259). The percentage of 
patients using insulin between the two 
groups at each visit was not significantly 
different (all P > 0.05). Furthermore, the 
dose used per person who was added with 
insulin in both groups increased but with 
no difference between the two groups 
(Table 1 and Supplementary Fig. 1). 
Drugs prescribed for other risk factors 
did not differ significantly at the end of 
the follow-up between the two groups, 
except for statins, which were used less 
in the metformin group compared with 
the glipizide group (P = 0.013) (Table 1). 

A total of 103 composite primary end 
points occurred in 91 patients (52 
[35.1%] in the glipizide group and 39 
[25.0%] in the metformin group) (char- 
acteristics of these patients are shown in 
Supplementary Table 2) during the whole 
study period: 60 events in the glipizide 
group (14 deaths from any causes [in- 
cluding 11 deaths from cardiovascular 
events and 3 from sudden death; unfor- 
tunately autopsies were not performed to 
confirm the 3 patients' precise causes of 
death] , 6 nonfatal myocardial infarctions, 
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Baseline 




End of follow-up 






Characteristic 


Glipizide 
(n = 148) 


Metformin 
(n = 156) 


P value* 


Glipizide 
(n = 97) 


Metformin 
(n= 111) 


P value* 


P value § 


Age (years) 


63.8 ± 9.4 


62.8 ± 8.5 


0.302 










oex, n \ lo) 






V.oUJ 










Male 


114(77.0%) 


122 (78.2%) 












Female 


~2 A f ~) ~2 f\0/ ^ 

j^f {Ij.V /o) 














Time since diagnosis of 
uiaueies vyeais^ 


S A + 4Q 


J .U — J.J 


fl 047 










Time since diagnosis of CAD (years) 


3.0 ± 5.1 


2.9 ± 4.8 


0.837 










History of myocardial 

l m t "~\ tvI~i An v\ { Oi, ^ 
lilltULUUIl, 11 V' 0 / 


y i \VJ J lo ) 


OT \JJ.O 10} 


V. ±\JJ 










History of arterial 

revascularization, n (%) 


OS (f^A 1°L\ 


QQ (fT) QO/) 
VO VO-^-0 rOJ 


V.olJ 










History of nonfatal stroke, n (%) 


13 (9.0%) 


18 (11.5%) 


0.428 












106 (71.6%) 


105 (67.3%) 


0.408 










Current smokers, n (%) 


53 (35.8%) 


61 (39.1%) 


0.726 










Body weight (kg) 


68.7 ± 10.6 


69.6 ± 10.1 


0.465 


69.6 ± 11.0 


68.6 ± 10.4 


0.554 


0.002 


BMI (kg/m 2 ) 


25.1 ± 2.9 


25.2 ± 3.0 


0.675 


25.7 ± 2.9 


24.7 ± 2.8 


0.026 


<0.001 


Waist circumference (cm) 


90 ± 9 


91 ± 9 


0.317 


92 ± 9 


90 ± 9 


0.118 


0.001 




Glycated hemoglobin level (%) 




7.6 ± 1.7 






7.1 ± 1.1 


7.0 ± 1.3 






Median 


7.3 


7.3 




7.0 


6.8 








Fasting plasma glucose (mmol/L) 


Mean ± SD 


7.77 ± 2.22 


8.21 ± 2.28 


0.075 


6.91 ± 1.52 


7.21 ± 2.24 


0.297 


0.405 


Median 


7.4 


7.8 




7.0 


6.8 








6.4-8.4 


6.6-9.0 




6.0-7.7 


6.2-7.7 






Postload 2-h plasma 
glucose (mmol/L) 


Mean ± SD 


12.56 ± 4.20 


13.61 ± 4.05 


0.014 


11.34 ± 3.58 


10.84 ± 3.41 


0.370 


0.207 


Median 


12.0 


13.0 




10.5 


10.3 






IQR 


9.6-15.1 


10.5-16.3 




8.8-13.0 


8.5-12.7 






Blood pressure (mmHg) 


Systolic 


129.1 ± 18.4 


130.1 ± 17.6 


0.667 


128.6 ± 15.1 


128.0 ± 15.5 


0.804 


0.737 


Diastolic 


78.3 ± 9.7 


78.4 ± 10.0 


0.921 


75.8 ± 9.8 


75.9 ± 8.3 


0.933 


0.950 




Total 


4.55 ± 1.32 


4.93 ± 3.00 


0.159 


4.36 ± 1.30 


4.52 ± 1.23 


0.442 


0.667 


















HDL 


1.16 ± 0.32 


1.15 ± 0.32 


0.748 


1.28 ± 0.38 


1.23 ± 0.33 


0.339 


0.958 


Fasting serum triglyceride (mmol/L) 


2.07 ± 1.65 


2.44 ± 1.96 


0.080 


2.10 ± 2.49 


2.10 ± 1.71 


1.000 


0.537 


Serum creatinine (umol/L) 


86.7 ± 18.9 


83.8 ± 17.6 


0.165 


86.3 ± 22.0 


83.3 ± 25.2 


0.433 


0.302 




Glucose-lowering drug 


Sulfonylurea 


80 (54.1%) 


76 (48.7%) 


0.349 










Metformin 


81 (54.7%) 


74 (47.4%) 


0.201 










Acarbose 


30 (20.3%) 


37 (23.7%) 


0.469 










Glmide 


4 (2.7%) 


5 (3.2%) 


0.797 










Insulin 


15 (10.1%) 


13 (8.3%) 


0.586 


25 (26.3%) 


30 (27.0%) 


0.908 


0.259 


None 


24 (16.2%) 


37 (23.7%) 


0.103 










Other drugs 


Aspirin 


122 (82.4%) 


132 (84.6%) 


0.703 


77 (81.1%) 


99 (89.2%) 


0.067 


0.287 


ACE inhibitor 


76 (51.4%) 


79 (50.6%) 


0.893 


53 (55.8%) 


54 (48.6%) 


0.338 


0.492 



Continued on p. 1308 
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Table 1 — Continued 







Baseline 






End of follow-up 








Glipizide 


Metformin 




Glipizide 


Metformin 






Characteristic 


(n = 148) 


(n = 156) 


P value* 


(n = 97) 


(n-111) 


P value* 


P value § 


Angiotensin receptor blocker 


11 (7.4%) 


17(10.9%) 


0.297 


5 (5.3%) 


10 (9.0%) 


0.294 


0.456 


Beta-blocker 


80 (54.1%) 


90 (57.7%) 


0.524 


60 (63.2%) 


73 (65.8%) 


0.632 


0.625 


Calcium-channel blocker 


47 (31.8%) 


48 (30.8%) 


0.910 


34 (35.8%) 


35 (31.5%) 


0.580 


0.901 


Diuretic 


22 (14.9%) 


16 (10.3%) 


0.223 


11 (11.6%) 


10 (9.0%) 


0.558 


0.726 


Statin 


97 (65.5%) 


97 (62.2%) 


0.582 


70 (73.7%) 


66 (59.5%) 


0.039 


0.013 



Data are means ± SD for data normally distributed, n (%), or median and IQR for data not normally distributed. Statistical significances were determined using 
a Student t test (for data normally distributed) or a Mann-Whitney U test (for data not normally distributed) and x 2 test (for categorical variable data) . *P values are for 
the difference between the groups at baseline or at the end of follow-up . §P value refers to comparison between the glipizide and the metformin groups after treatment 
using the ANCOVA analysis. 



15 nonfatal strokes, and 25 arterial revas- 
cularizations), as compared with 43 
events in the metformin group (7 deaths 
from any causes [all were deaths from car- 
diovascular events] , 5 nonfatal myocardial 
infarctions, 10 nonfatal strokes, and 21 ar- 
terial revascularizations). As compared 
with the patients treated with glipizide, 
the HR for the composite cardiovascular 
events for metformin treatment was 0.54 
(95% CI 0.30-0.90; P = 0.026) after adjust- 
ment for the duration of diabetes, duration 
of CAD, age, sex, and smoking history at 
baseline (Supplementary Table 3). No sig- 
nificant difference in the mortality rate be- 
tween the two groups was found; P = 0.55. 

During the study drug administra- 
tion, the following secondary end points 
occurred: new or worsening heart failure 
developed in 10 (6.8%) patients in the 
glipizide group and 9 (5.8%) patients in 
the metformin group (adjusted HR 0.82 
[95% CI 0.31-2. 13]; P = 0.677); new crit- 
ical cardiac arrhythmia occurred in 27 
(18.2%) patients in the glipizide group 
and 30 (19.2%) patients in the metformin 
group (1.01 [0.60-1.72]; P = 0.958); new 
or worsening angina occurred in 71 
(48%) patients in the glipizide group 
and 77 (49.4%) patients in the metformin 
group (1.07 [0.77-1.48]; P = 0.696); and 
6 (4.1%) patients in the glipizide group 
and 1 (0.6%) patient in the metformin 
group developed peripheral vascular 
events (0.13 [0.02-1.08]; P = 0.059). 
Furthermore, the two groups did not 
differ significantly with respect to the 
number of patients who reported one 
or more hypoglycemic attacks during 
study drug administration (four in the 
glipizide group and three in the metfor- 
min group, P = 0.651; when excluding 
insulin users, three in glipizide group 
and zero in metformin group, P = 
0.080). 



CONCLUSIONS — SPREAD-DIMCAD 
was the first double-blind, randomized, 
controlled trial to compare the different 
effects of glipizide and metformin on the 
major cardiovascular events among pa- 
tients with type 2 diabetes and CAD. 
After a median of 5.0 years of follow-up, 
treatment with metformin showed a signif- 
icant reduction of the recurrence of com- 
posite cardiovascular events compared 
with glipizide, which indicated a protective 
effect of metformin on cardiovascular 
events in high-risk patients. Such a pro- 
tective effect of metformin may also be 
present in a later stage of type 2 diabetes 
during insulin therapy (19). 

Cardiovascular disease is the most 
common complication and the leading 
cause of mortality in patients with type 2 
diabetes (20,21). Sulfonylureas and met- 
formin have been the cornerstone of drug 
therapy for type 2 diabetes, either alone or 
in combination, for a quarter of a century 
(22). Experimental studies have shown 
different effects of these two kinds of an- 
tidiabetic drugs on cardiovascular disease 
besides their glucose-lowering effect (23- 
29). However, studies comparing these 
two classes of medications on cardiovas- 
cular risk in humans generated highly in- 
consistent results (7-14). Several reasons 
may account for the discrepancies among 
these studies. First, most of the previous 
studies are retrospective and observa- 
tional in design. The patients included 
in different studies varied in the severity 
of diabetes and cardiovascular disorders 
as well as other characteristics, such as 
BMI and glucose levels, which might in- 
fluence drug choice. Second, the uses of 
cardiovascular medications were not well 
controlled in some studies and might also 
contribute to the diverse associations with 
cardiovascular events. Moreover, few pre- 
vious studies directly compared the 



effects of sulfonylureas and metformin 
on cardiovascular events, and the evi- 
dence from randomized clinical trials is 
sparse (12). 

Our study was the first to compare 
the effects of sulfonylureas (glipizide) and 
metformin on the recurrence of major 
cardiovascular events in a prospective, 
randomized, double-blind, placebo- 
controlled trial. We found that, compared 
with glipizide, metformin showed a sig- 
nificant reduction in composite cardiovas- 
cular end points. Furthermore, since the 
primary outcome occurring within 1 year 
(nine patients in the glipizide group and 
eight patients in the metformin group) 
seems unlikely to have been caused by 
the effects of glipizide or metformin treat- 
ment, we performed a stratified analysis 
and only looked at the events after 1 year 
(HR 0.48 [95% CI 0.31-0.72]; P < 
0.001), showing a better effect of metfor- 
min on the primary outcome. Several lines 
of evidence may explain the different ef- 
fects of sulfonylureas and metformin on 
cardiovascular and all-cause mortality. 
Sulfonylureas can increase pancreatic 
(3-cell insulin release by inhibiting the 
ATP-sensitive potassium (K ATP ) channel 
through binding to (3-cell sulfonylurea re- 
ceptor 1. While binding to sulfonylurea 
receptor 2 on cardiac myocytes, sulfony- 
lureas inhibit cardiac K AXP channels and 
reduce the protective effects of myocardial 
preconditioning (14,23-25). On the 
other hand, metformin reduces hepatic 
gluconeogenesis and increases insulin- 
stimulated glucose uptake in skeletal mus- 
cle and fat tissue (26). Recent evidence 
shows that metformin has antiatherogenic 
effects through the reduction of inflamma- 
tory markers, vascular adhesion molecules, 
and coagulation parameters, as well as the 
reduction of endothelial dysfunction 
(27-29). In addition, sulfonylureas are 
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Figure 2 — Changes of major clinical and biochemical characteristics at baseline and during follow-up in different groups. HbA lc (A), fasting 
plasma glucose (B), BMI (C), triglycerides (D), total cholesterol (E), LDL cholesterol (F), HDL cholesterol (G), and estimated glomerular filtration 
rate (eGFR) (H). Data displayed as means ± SD. P value refers to comparison between the groups. 
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associated with weight gain, whereas met- 
formin is associated with weight loss. 
Weight gain may negate the beneficial ef- 
fects of sulfonylureas on glucose and in- 
crease mortality (30). Moreover, in our 
present study, statin use was significantly 
lower in the metformin group as compared 
with the glipizide group (59.5 vs. 73.7%; 
P = 0.013) at the end of the study. How- 
ever, no significant difference was found in 
the lipid levels between the two groups af- 
ter treatment, even with a tendency of 
slightly higher triglyceride levels during 
the first part (18 months) in the metformin 
group. These findings further strengthened 
the beneficial long-term effects of metfor- 
min, which might be associated with the 
antiatherosclerotic properties beyond glu- 
cose lowering (31,32). 

The prospective, randomized, and 
controlled design of our study minimizes 
the potential bias and confounding. How- 
ever, several limitations need to be consid- 
ered. First, we used glipizide to represent 
the sulfonylureas because it is one of the 
most commonly used sulfonylureas in 
China. However, various sulfonylureas 
may differ in their effects on glucose control 
and cardiovascular risk in diabetic patients 
(14-16). Second, the secondary end points 
and adverse events were recorded only dur- 
ing the 3-year period of study drug admin- 
istration, which might decrease the power 
of analysis. Third, we did not have a wash- 
out period in the current study due to safety 
concerns. Moreover, although the training 
of a lifestyle approach was implemented to 
reduce the risk for cardiovascular outcome 
in both groups and through all research 
centers according to the National Choles- 
terol Education Program Adult Treatment 
Panel III recommendation, we did not 
monitor and record the change of diet and 
exercise during the study. However, the 
double -blind, randomized study design 
and the intent-to-treat approach might min- 
imize these limitations. Therefore, we would 
be cautious in interpreting the findings. 

In summary, metformin therapy for 3 
years substantially reduced major cardio- 
vascular events in high-risk patients 
compared with glipizide, one of the com- 
monly used sulfonylureas. Our results, 
taken in conjunction with recent re- 
search, indicated a potential benefit of 
metformin therapy on cardiovascular out- 
comes in diabetic patients. 
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